Presumably, reproductive female bats are more constrained by thermoregulatory and energy needs than are males and nonreproductive females. Constraints imposed on reproductive females may limit their geographic distribution relative to other bats. Such constraints likely increase with latitude and elevation. Males of 11 bat species that inhabit the Black Hills were captured more frequently than females, and reproductive females typically were encountered at low-elevational sites. To investigate the relationship between female distribution and elevation, we fitted a logistic regression model to evaluate the probability of reproductive-female capture as a function of elevation. Mist-net data from 1,197 captures of 7 species revealed that 75% of all captures were males. We found a significant inverse relationship between elevation and relative abundance of reproductive females. Relative abundance of reproductive females decreased as elevation increased. Reproductive females may be constrained from roosting and foraging in high-elevational habitats that impose thermoregulatory costs and decrease foraging efficiency. Failure to account for sex differences in distributional patterns along elevational gradients may significantly bias estimates of population size.
Sex differences in the warm-season distribution of insectivorous bats likely reflect differential energetic and roosting needs, on which climate may have a major influence (Barclay 1991; Thomas 1988) . Dwyer (1971) predicted that bats in northern latitudes, that aggregate in low-temperature caves during winter, move to warmer roosts during summer in conjunction with a latitudinal change in cave temperatures. Movement of females from cold hibernacula to warm maternity areas is thought to be a general pattern among Myotis in temperate regions (Hill and Smith 1984) . However, little information exists on the ubiquity of this pattern between sexes of insectivorous bats.
* Correspondent: myotis43@unm.edu Rising about 1,200 m above the northern Great Plains and Ͼ200 km from the nearest mountain range, the Black Hills (104ЊW, 44ЊN) provide a unique setting for distributional studies of bats. Climate of the region is characterized by cooler summers, warmer winters, and seasonal temperatures that are less variable than the surrounding plains (Turner 1974) . The geologically diverse landscape of high cliffs, deep valleys, caves, and eroded rock surfaces provide a wide range of habitats for bats (Turner 1974) . Forests are dominated by ponderosa pine (Pinus ponderosa-between 1,050 and 2,150 m), which gradually are replaced at lower elevations (Ͻ1,050 m) by open deciduous woodlands. These woodlands grade into mixed-grass prairies of the northern Great Plains.
Eleven bat species are known to inhabit the Black Hills during the warm months (May-September), including Myotis ciliolabrum, M. evotis, M. lucifugus, M. septentrionalis, M. thysanodes, M. volans, Lasiurus borealis, L. cinereus, Lasionycteris noctivagans, Eptesicus fuscus, and Corynorhinus townsendii (M. A. Bogan, in litt.; Turner 1974) . Seven species are present during the cold months (October-April- Choate and Anderson 1997; Martin and Hawks 1972), and 3 (L. borealis, L. cinereus, and L. noctivagans) are presumed to engage in long-range migrations out of the area (Kunz 1982a; Shump 1982a, 1982b) . Occurrence of M. evotis in the region is unknown in cold months.
The most prominent pattern observed among bat populations in the Black Hills is that a disproportionate number of males are captured during the warm months (Choate and Anderson 1997; Mattson 1994; Turner 1974) . That pattern was not observed during cold months (banding records on file at Jewel Cave National Monument- Martin and Hawks 1972) . Reproductively active females of nearly every species are captured less frequently than males during the warm months. Similar trends have been reported in other temperate regions (Barclay 1991; Grindal et al. 1999; Storz and Williams 1996; Thomas 1988) . Explaining the apparent male-biased sex ratio at higher elevations is crucial to our understanding of the demographic structure of temperatezone bat populations and warrants further study into differential seasonal distribution between sexes. Our objective was to clarify the influence of elevation on the summer distribution of reproductive female bats in the Black Hills.
MATERIALS AND METHODS
We captured bats in mist nets placed over water sources (Kunz and Kurta 1988) in May-August in 1995 , 1996 . Capture sites were located in the southern Black Hills, South Dakota, and ranged in elevation from 1,000 to 1,910 m. Mist nets were deployed shortly after sunset and attended continuously until bat activity diminished significantly (nets were closed 45 min after the last bat was captured). Species, sex, reproductive status, and capture elevation of each adult bat was recorded. Bats were classified as adults based on the degree of epiphyseal ossification in the metacarpal-phalangeal joints of the wing (Anthony 1988) . Nomenclature follows Jones et al. (1997) , with the exception of Corynorhinus townsendii (Tumlison and Douglas 1992) .
Female bats were classified as reproductive if they showed signs of pregnancy or lactation. Pregnancy was determined by palpation of the abdomen, whereas lactation was diagnosed by the presence of enlarged mammary glands, expression of milk, or hairless patches surrounding the mammary glands. Female bats that displayed no conspicuous signs of reproduction were classified as nonreproductive (Racey 1988) . Only data gathered after 1 July were used to avoid misidentification of reproductive status of females. To maximize samples, we included data collected in the same area by 2 previous researchers employing identical capture methods (Anderson 1993; Mattson 1994 ). Bats were not marked individually; therefore, part of these data may represent recaptures and thus introduce statistical nonindependence.
To investigate the relationship between reproductive-female distribution and elevation, a mixed random-and fixed-effects logistic regression model was fit with the GLIMMIX macro in SAS (Littell et al. 1996) . We were interested in the probability that any randomly selected bat was a reproductive female as a function of species, elevation, and species ϫ elevation interactions. Each collection site was treated as a random effect because we were concerned that habitat associated with each site might have additional effects on probabilities of capturing reproductive females. That modeling structure was appropriate because capture sites were assumed to be a random sample of all sites about which we wanted to estimate elevation effects. Bat species was included as a factor variable to adjust for sex ratios that may vary among species. Myotis volans was selected arbitrarily as a baseline against which all other species effects were estimated. Probability of capturing a reproductive female against elevation was plotted using the estimated intercept, elevational, and species parameters of the regression model. Species represented by captures of Ͻ10 females were excluded from the analysis. Statistical significance was set at P Յ 0.05.
RESULTS
Data were gathered during 92 nights of mist-netting at 43 sites, representing 1,197 captures of bats of 7 species (Table 1) . More adult males were captured than adult females for all species. Mean proportion of adult males among species was 0.75 (n ϭ 7; range, 0.61-0.88). Mean capture elevation for reproductive females was lower than that of males and nonreproductive females for each species (Table 1) .
The coefficient of the elevational effect was negative (P ϭ 0.019), indicating a decrease in the proportion of reproductive females as elevation increased. Table 2 shows adjusted log-odds ratios of capturing a reproductive female as a function of a unit increase in each predictor. P-values for the species effect indicated that, within species, probability of catching a reproductive female was greater among M. ciliolabrum or L. cinereus, relative to M. volans. P-values for the species ϫ elevation effect indicate a more rapid decrease in the proportion of reproductive female M. septentrionalis and E. fuscus as elevation increased, relative to M. volans. Predicted proportion of reproductive females of other species in capture samples also decreased as elevation increased (Fig. 1) .
DISCUSSION
Sex differences in the warm-season distribution of temperate insectivorous bats across gradients in elevation have been noted by other researchers (Grindal et al. 1999) . A decrease in relative abundance of female bats at high elevations has been documented in M. californicus (Fenton et 1980), M. ciliolabrum (Cockrum et al. 1996) , M. lucifugus (Allen 1939; Sasse 1995) , M. volans (Allen 1939) , M. yumanensis (Allen 1939; Fenton et al. 1980; Grinnell 1918) , L. borealis (Grinnell 1918) , L. cinereus (Vaughan and Krutzsch 1954) , and E. fuscus (Allen 1939; Easterla 1973; Fenton et al. 1980) . Bogan et al. (1996) found greater proportions of females for 5 species in the Black Hills at nearby lowelevation areas, again suggesting a link between elevational distribution and reproduction in females. The trend illustrated by these examples is that females are encountered more often at low elevations. Our results show that, during the warm months, reproductive female bats are less common relative to males at high elevations in the Black Hills.
Reproductive females that moved from cold hibernacula to warm maternity sites could avoid costs associated with longrange migrations by making shorter movements among elevations, assuming some universal effect of latitude and elevation on temperature. Barclay (1991) suggested that female M. lucifugus in British Columbia moved from high-elevation hibernation sites to lower elevations to form maternity groups. This is likely the case with many of the species in our study. For example, Jewel Cave supports the largest known hibernating colonies of M. lucifugus and C. townsendii in the Black Hills with no evidence suggesting male-biased sex ratios during the cold months (banding records on file at Jewel Cave National Monument- Martin and Hawks 1972) . Both species were represented by only 10 females in our warm-season capture data. Records of banded bats provide direct evidence of movements from hibernacula to low-elevation sites by female C. townsendii in the Black Hills. Three female C. townsendii banded at Jewel Cave (elevation 1,615 m) during the cold months of 1959 and 1963 (numbers 31-17123, 31-17533, and 652-29090) were recaptured during subsequent warm months at 3 different low-elevation sites (Ͻ1,100 m) around the periphery of the Black Hills (records on file, United States Geological Survey, National Museum of Natural History). Maternity colonies of C. townsendii (n ϭ 5) and M. lucifugus (n ϭ 5) have been found at elevations of Յ1,300 m in the region (Cryan 1997) . In the Black Hills, seasonal disappearance of females from hibernation areas and their appearance at low-elevation sites indicates short-range migrations among elevation by several species.
Reproductive females may benefit by selecting roosts in low-elevation habitats. In the Black Hills, low-elevation habitats are characterized by lower precipitation and warmer temperatures than higher elevations (Turner 1974) . Such conditions may improve both foraging and thermoregulatory efficiencies of reproductive females. Ambient temperature influences aerial insect density; activity generally decreases with temperature (Hoying and Kunz 1998) . High energetic demands imposed on females by pregnancy and lactation may necessitate greater food intake than required by males (Kunz 1974) . Females could compensate for increased energy needs by selecting low-elevation habitats with warmer temperatures and thus higher insect densities. Higher insect densities also would benefit young bats that must learn to forage while simultaneously preparing for hibernation.
Temperature also is a significant factor influencing roost selection and distribution of many temperate bat species (Humphrey 1975; Kunz 1982b) . Thermal characters of roosts influence energy expenditure of bats (Kurta 1986; McNab 1982) . Faced with relatively long periods of fetal development and high postpartum maternal investment (Barclay 1995; Kurta and Kunz 1987; Racey 1982) , reproductive females can facilitate these processes by selecting roosts with high temperatures during pregnancy and lactation (Racey 1982) . Hastening the timing of parturition would help to ensure that young bats accumulate adequate fat reserves prior to hibernation Thomas et al. 1990) . Although bats are highly mobile, radiotracking studies carried out in the region (P. M. Cryan and M. A. Bogan, in litt.) indicate that bats roost relatively close to where they are captured (n ϭ 37, 1.6 km Ϯ 1.3 SD; range, 0.1-5.9) and that capture elevations analyzed in this study generally reflect roost elevation.
Whereas ambient temperature and climatic severity may impose constraints on the use of foraging and roosting habitat by females, these factors probably are less important to males and nonreproductive females. Although cold-induced torpor can ameliorate energy demands in reproductive females, it can delay fetal development (Hoying and Kunz 1998; Racey 1973; Racey and Swift 1981) . Such delays lengthen gestation, thus lowering female reproductive rates and increasing probability of early-winter mortality of young (Grindal et al. 1992) . Energetic demands of males and nonreproductive females are not as great as reproductive females; therefore, they could select cooler microclimates at higher elevations to facilitate torpor and conserve energy when prey resources are limited or conditions are unfavorable (Barclay 1991) .
Our data indicate that not all adult females reproduce annually in the Black Hills (Table 1) . At lower elevations (Ͻ1,400 m), 82% of all females captured were reproductive, whereas at higher elevations (Ͼ1,600 m), only 26% showed signs of reproductive activity. A similar trend was observed with female bats along an elevational gradient in the Philippines (Ruedas et al. 1994) . It is unclear why some females forgo reproduction and remain at higher elevations in the Black Hills. A possible explanation is that female bats at higher elevations were born in the previous year and thus are less likely to reproduce (Hill and Smith 1984) . Kunz et al. (1998) reported reduced fecundity in females at northern latitudes and postulated that it may reflect relatively low prehibernation accumulation of fat by young bats in those regions. We suggest that elevation has a similar effect on bat reproduction and that females inhabiting higher elevations, for whatever reason, experience reduced fecundity.
Failure to account for sex differences in distribution along an elevational gradient may bias population samples and limit attempts to understand seasonal distribution of bats not only in the Black Hills but elsewhere in topographically diverse habitats. Given the wide distribution of many of the species studied, we predict that similar distribution patterns will be found in similar regions. In particular, we predict that the elevational distribution of reproductive females will change with latitude (within limits, reproductive females in southern moun-tainous areas will be found at higher elevations during the summer than those in the north) and that reproductive females inhabiting areas characterized by a lesser degree of topographic relief will move farther between winter and summer roosts than those in areas with a range of elevations. LITERATURE CITED
